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1. Introduction 
The use of Le Fort osteotomy has become widespread in the field of 
craniofacial maxillofacial surgery since the surgical procedure was initially 
established, mostly as a treatment for jaw deformities, in the 1960s. 
However, with the spread of the Le Fort osteotomy, reports of serious 
complications, such as intracranial hemorrhage, infection, cerebrospinal 
fluid fistulas, cranial nerve palsy, carotid artery injuries, pseudoaneurysms, 
blindness, intercranial injuries, and carotid cavernous fistula (CCF) have 
increased (Newhouse et al., 1982; Matsumoto et al., 2003; Bendor-Samuel et 
al., 1995; Watts, 1984; Tiner et al. ,1997; Hemmig et al., 1987;Lanigan et al., 
1993; Girotto et al., 1998; Lanigan et al., 1991; Hes and de Man,1988; Habal, 
1986). 
Among these complications, CCF, in which an arteriovenous shunt 
forms between the carotid artery and the cavernous sinus, is so rare that it 
occurs in only 0.17-0.27 % of all cases presenting with craniofacial trauma, 
that it is only occasionally recognized as a complication of Le Fort osteotomy 
(Arseni et al.,1970;Kuroi et al. ,1987). Its clinical symptoms, which are 
variable, include proptosis, pulsatile exophthalmos, conjunctival edema, 
Manuscript
Click here to view linked References
2 
 
 2 
orbital bruit, chemosis, extraocular palsies, blurred vision,arterialized 
conjunctival vein, headache, ophtalmoplegia, increased intracranial 
pressure and convulsions (Liang et al.,2007). Furthermore, CCF is 
sometimes associated with serious outcomes such as blindness, cerebral 
infarction, acute subarachnoid hemorrhage, paralysis, severe epistaxis and, 
in the worst cases, death (Iida et al.,1995;Argo et al., 2008; d'Angelo et al.). 
It is therefore crucial for cranio-maxillofacial surgeons to recognize 
CCF as a complication associated with Le Fort osteotomy and to detect the 
abnormalities as soon as possible to allow for prompt treatment (Rogers et al., 
1995). To achieve this aim, it is necessary to elucidate the pathophysiology 
of CCF associated with Le Fort osteotomy. 
We hypothesized that CCF is associated with the collaps of the 
carotid arterial wall in the cavernous portion and fine branches of the 
arterioles due to an increased tensile load following the performance of a 
down-fracture in association with the Le Fort osteotomy. We performed 
experiments using fresh cadavers to test this hypothesis.  
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2. Materials and Methods 
Eleven fresh frozen cadavers (22 sides) with no cranial lesions were 
used in the present study. Four of the cadavers were men, and seven were 
women. The mean age of the cadavers was 86.27 years. After the division of 
the head part, catheters were inserted via the bilateral common carotid 
arteries and internal jugular vein, and a silicone injection compound 
( Microfil®, FlowTech inc., Carver, MA. ) was injected into the vascular 
lumen. Following the exposure of the entire craniofacial bone, circular 
craniotomy was performed at the level of approximately 20 mm above the 
supraorbital margin. The brain was excised, taking care to conserve the 
cranial nerves in the skull base side through the entire circular dural 
incision at the same level. After disclosing the cavernous sinus through the 
lateral walls of the sinus, the cavernous sinus was opened. Next, the carotid 
artery and its branches (the lateral artery [LA] and meningohypophyseal 
trunk [MHT]), the oculomotor nerve, the trochlear nerve, the abducens 
nerve, and the first and second branches of the trigeminal nerve were 
observed (Fig. 1). Osteotomy was then performed from the frontozygomatic 
suture down to the inferior orbital fissure and at the frontonasal suture to 
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the inner wall of the orbit connecting to the inferior orbital fissure. After the 
complete removal of the nasal septum, we performed a vertical midline split. 
On the left (control) side, both the lateral wall of the maxillary sinus and the 
pterygomaxillary junction (PMJ) were completely divided under direct 
vision. On the right (study) side, the lateral wall of the maxillary sinus and 
the PMJ were kept intact (Fig. 2).  
After the osteotomy, a tensiometer ( Forcegage® ZTS5N, Imada Inc., 
Japan ) was firmly attached to the burr holes of the temporal and occipital 
bones using a steel wire and screws to obviate the sliding of the tensiometer. 
The sensor tip of the tensiometer was fitted with a microhook for use in 
microvascular surgery, which was inserted into the wall of the carotid artery 
in the cavernous portion. After firmly fixing the cranium to the head clamp, 
we created a series of down-fractures on separate Le Fort III fragments 
from the left (control) side, followed by the right (study) side, and the tensile 
load on the arterial walls was recorded (Fig. 3). Immediately after 
completing the down-fracture, Computed Tomography (CT) was used to 
evaluate the abnormal fractures in the pterygoid process of the sphenoid 
bone and the skull base on the right (study) side. 
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Evaluation: 
CT imaging was performed using 0.625-mm slices. Oblique and 
transverse fractures in the upper half area that originated from the inferior 
orbital fissure to the lower end of the pterygoid process, which were 
observed on CT, were defined as high level fractures, and fractures that 
stopped in the lower half were defined as low level fractures. Those that 
extended to the skull base were evaluated as skull base fractures. 
Statistical Analysis: 
Differences in the median values of the bilateral groups of the Le 
Fort III bone fragments were examined using the Mann–Whitney test. SPSS 
® version 2.0 ( SPSS, Inc., Chicago, IL, USA ) was used for statistical 
analysis. Significant differences between the groups were determined using 
p < 0.05. 
 
3. Results 
In comparison with the control side, significantly higher tensile force was 
recorded on the right (study) side in all 11 subjects (Table 1, Fig. 4). The 
median tensile force on the study side was 355 mN, compared with 69 mN 
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on the left (control) side (p = 0.009). After down-fracture was performed, a 
magnifying loupe was used to search for the presence of carotid arterial 
rupture in the cavernous portion, but no apparent rupture was observed in 
any subjects. 
CT revealed high level fractures in the pterygoid process in the right 
(study) side of 9 of 11 subjects, but no fractures of the skull base were 
observed. High fractures of the pterygoid process accompanied by skull base 
fractures were observed in two subjects (Nos. 3 and 11), and noticeably high 
tensile forces (1761 and 1522 mN, respectively) were observed (Fig. 5). CT 
revealed fractures in the lesser wing of the sphenoid bone in both of these 
subjects.  
  
4. Discussion 
The characteristics of the Le Fort osteotomy procedure and the 
detailed anatomy of the carotid artery in the cavernous sinus are essential 
to understanding the pathophysiology of CCF formation associated with Le 
Fort osteotomy. 
In Le Fort osteotomy, the maxilla is separated from the sphenoid 
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bone at the PMJ. Because the upper part of the sphenoid bone consists of a 
skull base bony framework, serious complications might occur during the 
manipulation of any type of Le Fort maxillary osteotomy, including down-
fracture.  
In Le Fort III osteotomy, the osteotomy is extended to a wide range 
of the sphenoid bone from the greater wing to the ethmoid bone (Tessier, 
1967). Thus, it seems to be associated with a higher rate of serious 
complications than Le Fort I and II procedures. In the case of Le Fort III 
osteotomy, definite osteotomy from the inferior orbital fissure down to the 
PMJ is required for the mobilization of the maxillary segment. Unless the 
osteotomy is complete, the Le Fort III segment is difficult to move forward. 
This might be one of the reasons why the reports of serious complications 
associated with conventional Le Fort III advancement are rare in 
comparison to Le Fort I advancement.      
In their anatomical study using formalin-fixed cadavers, Akita et al. 
(2013) reported that when the division of the PMJ is insufficient, the 
incidence of skull base fractures and high-level fractures of the pterygoid 
process of the sphenoid bone increases to a significant extent; thus, the 
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complete division of the PMJ is essential for performing Le Fort osteotomy.   
However, when distraction osteogenesis is applied in Le Fort 
osteotomy, the maxillary segment can be moved forward gradually, even if 
the osteotomy including the PMJ is incomplete. Thus, since the introduction 
of distraction osteogenesis, reports of serious complications have attracted 
attention (Alonso et al.,2008; Vyas et al.,2007; Nout et al.,2010;Carneiro et 
al.,2012).   
With regard to the pathophysiology of CCF, it is very interesting to 
focus on the unique anatomy of the carotid artery in the cavernous portion. 
In the neck part, the carotid artery is situated in the postero-medial space 
at the pterygoid process of the sphenoid bone. In the head part, the carotid 
artery ascends through the carotid canal, running inside the cranial cavity 
through the foramen lacerum to reach the cavernous sinus (Fig. 6). It then 
runs forward in a sigmoid shape and changes direction at the medial side of 
the anterior clinoid process of the lesser wing of the sphenoid bone, turns 
backward at the dural ring fold and reaches the brain tissue 
(Parkinson,1963 ;Inoue et al., 1990). 
 Inside the cavernous sinus, branches arise from the carotid artery, 
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MHT, LA, and McConnell’s capsular artery; however, the former two are 
consistently observed (Fig. 1). Smaller arterial branches also arise from the 
carotid artery within the cavernous sinus, forming the intracavernous 
carotid plexus. The MHT is a relatively large vessel which forms three 
branches from the posterior bend of the carotid artery. The LA, which is 
smaller than the MHT, branches from the horizontal segment of the carotid 
artery, runs above the abducens nerve, and supplies the outer wall of the 
cavernous sinus (Marinkovic  et al.,2001; Inoue, 1990).  
The carotid artery is therefore tightly fixed at the entrance of the 
carotid canal and the foramen lacerum at the skull base and is tightly fixed 
again by the dural ring folds. In the intra-cavernous portion, it is very 
loosely fixed by fine connective tissue, with arterioles that branch into the 
dura matter of the skull base.  
The results of the present study showed that high tensile force 
occurred on the arterial walls in the study side on which the osteotomy was 
incomplete. In particular, extremely high values were recorded in the two 
subjects in which a skull base fracture was also present. Thus, it can be 
inferred that the tensile force on the arterial wall is derived from the direct 
10 
 
 10 
mechanical stress that occurs due to an abnormal fracture of the pterygoid 
process and the skull base. It seems that the closeness of the fracture site is 
the factor that affects the extent of the tensile load of the wall of the carotid 
artery in the cavernous portion. According to the report of Fabian et al. 
(1999), traumatic CCF accompanies basilar skull base fracture in 67% of the 
cases described in their series. In addition, Liang et al. (2007) reported the 
incidence of skull fracture associated with traumatic CCF to occur in the 
anterior skull base (2.4%), middle skull base (8.3%) and posterior skull base 
(1.7%). 
Indeed, the direct effects of an abnormal fracture on the wall of the 
carotid artery in the cavernous portion have been reported in previous 
studies, and there are reports which describe the difficulty of creating a 
down-fracture during surgery and the implications of a rough down-fracture 
with regard to injury to the internal carotid artery (Hes and de 
Man,1988;Bendor-samuel et al.,1995;Habal,1986). Lanigan and Tubman 
(1987) reported the possibility of a laceration of the carotid artery due to the 
movement of bony fragments after a skull base fracture.   
However, carotid pseudoaneurysms, arterio-venous fistula and other 
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skull base abnormalities, including blindness and nerve palsy have also 
been reported to be associated with Le Fort osteotomy without the presence 
of skull base fractures (Paza et al.,2007;Mehra et a2000.; Bradley et al., 
2002; Cheng et al,2007 ;Lanigan et al.,1993). Even if the skull base fracture 
is not involved, the presence of a high fracture of the pterygoid process of 
the sphenoid bone, allows the retro-pterygoid structures such as the 
pterygoid muscles, ligaments and the soft tissues that adhere to the 
pterygoid process to be pulled antero-inferiorly by traction on the maxilla at 
the same time as a down-fracture. Although direct stress is not applied to 
the carotid artery (Liang et al.,2007), indirect stress to both the carotid 
artery wall and the surrounding structures can also be created via traction 
on the retro-pterygoid structures. It can thus be speculated that such a 
direct and indirect tensile load on the carotid artery in the cavernous 
portion can lead to the collapse of the carotid arterial wall and small 
arterioles such as the MHT, LA and other fine branches, thus leading to 
CCF (Fig. 7), which is compatible with almost all types of CCF associated 
with Le Fort osteotomy is high-flow direct shunts between the internal 
carotid artery and cavernous sinus.  
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Furthermore, it is noteworthy that a large number of cases of 
abducens nerve palsy are reported as a complication of Le Fort osteotomy 
(in comparison to other types of cranial nerve palsy). The only cranial nerve 
that runs through the loose intra-cavernous portion is the abducens 
nerve(Hanu-Cernat and Hall,2009; Reiner and Willoughby,1988), whereas 
the oculomotor nerve, trochlear nerve, and the first and second branches of 
the trigeminal nerve run through the thick outer wall of the cavernous 
sinus(Carr and Gilbert,1986). It appears that a mechanism that is similar to 
that by which the tensile load on the abducens nerve induces nerve palsy is 
related to the development of CCF (Kim et.al ,2013).  
CCF is treatable using a current technique that involves the 
endovascular balloon embolization and coil embolization of the fistulated 
artery with appropriate timing (Albernaz and Tomsick, 1995; Rogers et al., 
1995). Cranio-maxillofacial surgeons who perform Le Fort osteotomy should 
therefore be aware of the possibility of CCF development, which sometimes 
brings lethal results. 
 In the case of carotid artery abnormalities such as atherosclerosis, 
aneurysm and, in particular, musculoskeletal and collagen vascular 
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anomalies such as Marfan syndrome, fibromuscular dysplasia, Ehlers-
Danlos syndrome, osteogenesis imperfect, fibromascular dysplasia, 
pregnancy and atherosclerotic disease, it is necessary for an appropriately 
thorough preoperative examination to be performed (Fattahi et.al,2003). 
Moreover, during the Le Fort osteotomy, it is crucial for the operator to 
determine that the disjunction of the part from the PMJ to the lateral wall 
of the maxillary sinus from skull base is sufficient. And the down-fracture 
should then be created carefully via a gentle maneuver. 
 
4. Conclusions 
We examined the pathophysiology of carotid–cavernous fistulas 
associated with Le Fort osteotomy in fresh cadavers. When fractures of the 
skull base or high fractures of the pterygoid process of the sphenoid bone 
occurred during Le Fort osteotomy, the high tensile load on the carotid 
arterial wall in the cavernous portion was increased in comparison to that 
which was observed in complete osteotomy. 
During Le Fort osteotomy, down-fractures are principally performed 
through a vertical division of the maxillary bone fragment from the 
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sphenoid bone. The cavernous sinus is located on the inner part of the 
bilateral greater wing of the sphenoid bone. The carotid artery is loosely 
fixed in the intra-cavernous portion and firmly fixed by the dural ring fold 
and carotid canal.  
It is hypothesized that CCF associated with Le Fort osteotomy arises 
from complications that are rooted in the characteristics of the Le Fort 
procedure and in the anatomical structures of the carotid artery in the 
cavernous sinus. 
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Figure legends: 
Fig. 1. Inner view of the cavernous sinus.  
(a) carotid artery, (b) dural ring fold, (c) abducens nerve, 
(d) lateral artery, (e) meningohypophyseal trunk, (f) cavernous sinus  
 
Fig. 2. 
On the left control side, osteotomy is performed from the inferior orbital 
fissure to the PMJ. On the right study side, no osteotomy is performed at 
the same region. 
 
Fig.3.  
 Down-fracture is initially performed on the left control side, and thereafter 
it is performed on the right study side. 
 
Fig. 4. 
In comparison to the control side, a higher tensile load is observed on the 
study side (*p < 0.05 by_the  Mann-Whitney U test). 
 
26 
 
 26 
Fig. 5. 
A linear fracture which extended to the carotid artery (arrowhead) was 
observed in subject No.3. The tensile load was extremely high (1761mN). 
 
Fig.6.  
The cavernous sinus is located on the antero-medial side of the pterygoid 
process: (a) carotid artery, (b )pterygoid process, (c) cavernous sinus 
 
Fig.7.  
A schematic illustration of the pathophysiology. 
(a) pterygoid process, (b) dural ring fold, (c) carotid canal, 
(d) cavernous sinus, (e) carotid artery.  
The two blue arrows show direct stress (*) and indirect stress (**).    
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Table 1 A summary of the data on the tensile load on the wall of carotid artery and the 
results of the subsequent CT examination. 
 
No Tensile Force 
of study side (mN) 
Tensile Force  
of contorol side （mN） 
Following CT examination 
1. 490 159 high level fracture 
2. 441 82 high level fracture 
3. 1761 114 high level fracture, 
skull base fracture 
4. 104 69 high level fracture 
5. 257 49 high level fracture 
6. 404 61 high level fracture 
7. 110 80 high level fracture 
8. 355 25 high level fracture 
9. 123 14 high level fracture 
10. 320 60 high level fracture 
11. 1522 120 high level fracture, 
skull base fracture 
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